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ABSTRACT 

Refrac tory  composites of ceramic oxides  and r e f r a c t o r y  

metals are be ing  developed and eva lua ted  f o r  use  as high tempera- 

t u r e  t h e r m a l  i n s u l a t i o n .  Seve ra l  sources  of high p u r i t y  (less 

than  1OOOppm i m p u r i t i e s )  zirconium dioxide  powders are being 

eva lua ted  w i t h  tungs ten  and molybdenum introduced i n  a v a r i e t y  

of forms and concen t r a t ions .  

A t e c h n i c a l  paper desc r ib ing  a high temperature  r a d i a l  

heat f law thermal  conduc t iv i ty  appara tus  and a mul t ip l e  gauge sec- 

t i o n  technique ,  prepared f o r  p r e s e n t a t i o n  a t  t h e  I n t e r n a t i o n a l  

Conference on thermal  conduc t iv i ty ,  London, England, c o n s t i t u t e s  

t h e  major p o r t i o n  of t h  . is s t a t u s  r e p o r t  

Report prepared 
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INTRODUCTION 

Th i s  i s  t h e  second q u a r t e r l y  report of Contract  NAW-884 

on t h e  subject, "Research on Low Densi ty  Thermal I n s u l a t i o n  

Materials f o r  U s e  above 3000°F". This  program i s  a continua- 

t i o n  of work performed on Contract  NASr-99 which w a s  conducted 

f o r  seven q u a r t e r s  from A p r i l ,  1962, through December, 1963. 

1.1 Purpose of t h e  Proqram 

Low-density foamed ceramic thermal  i n s u l a t i o n  r a p i d l y  l o s e s  

e f f i c i e n c y  above 2400°F due t o  t h e  t r a n s f e r  of h e a t  through t h e  

pores by thermal  r a d i a t i o n .  The purpose of t h i s  p r g r a m  i s  t o  

s tudy  t h e  r educ t ion  of t h i s  r a d i a t i o n  or photon c o n t r i b u t i o n  t o  

t h e  thermal  conduc t iv i ty  b y  t h e  inco rpora t ion  of a thermal  r ad ia -  

t i o n  barrier phase i n t o  a law-density r e f r a c t o r y  s t r u c t u r e .  

Mechanisms such as absorp t ion  and r e - r a d i a t i o n  by imbedded 

p a r t i c l e s ,  s c a t t e r i n g  by incorporated phases  and r e f l e c t i o n  by 

metall ic f o i l  r a d i a t i o n  barriers are be ing  i n v e s t i g a t e d  and 

eva lua ted .  

1 . 2  Phases of t h e  Proqram 

The goa l s  of t h i s  program are being achieved through t h e  

p u r s u i t  of t h e  t h r e e  phases described b r i e f l y  below w i t h  d e t a i l s  

of t h e  progress made during t h i s  q u a r t e r  d i scussed  i n  Sec t ion  11. 
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Phase - Technical  Review 

Review of previous high temperatu! 2 hea t r a n s f e r  work, 

e s s e n t i a l l y  completed during t h e  f i r s t  q u a r t e r ,  has been 

cont inued a t  a s u f f i c i e n t  l e v e l  of e f f o r t  t o  keep a b r e a s t  of 

t h e  r a p i d l y  changing technology. 

Phase II - Mate r i a l s  Formulation 

The major e f f o r t  of t h e  program i s  concerned w i t h  t h e  

f a b r i c a t i o n  of low-density, low thermal  conduc t iv i ty  ma te r i a l s .  

L ight  weight pure oxide ceramic mat r ices  have been developed and 

impregnated w i t h  va r ious  volume percentages of p o t e n t i a l  rad ia-  

t i o n  s h i e l d i n g  phases introduced by a v a r i e t y  of techniques.  

Specimens of ceramic oxides whose thermal  conduc t iv i ty  have 

been previous ly  r epor t ed  have a l s o  been prepared f o r  c a l i b r a t i o n  

and equipment checkout purposes. 

Phase III - Experimental Measurements 

Evaluat ion of t h e  thermal r a d i a t i o n  barrier concept i s  being 

conducted i n  t h i s  phase of t h e  program. A high temperature thermal  

conduc t iv i ty  tes t  ce l l ,  capable of maintaining under s teady  con- 

d i t i o n s ,  specimen h o t  f a c e  temperatures of 4500°F and above has been 

f a b r i c a t e d  and c a l i b r a t e d .  Measurement of t h e  apparent  t o t a l  

conduc t iv i ty  of t he  ceramic foam composite tes t  samples i s  i n  

progress. 



2 Discuss ion  

This  summary s t a t u s  report supplements t h e  a t t a c h e d  paper, 

"A M u l t i p l e  Gauge S e c t i o n  Technique €or t h e  Measurement of 

Thermal Conduct iv i ty  i n  C e r a m i c  Foam Composites t o  5000°F", 

t o  be p resen ted  J u l y  16, 1964, a t  t h e  I n t e r n a t i o n a l  Thermal 

Conduc t iv i ty  Conference, sponsored by t h e  Na t iona l  P h y s i c a l  

Laboratory,  Teddington, England. Many aspects of t h e  measure- 

ment procedures  modified f r o m  "normal practice" because of t h e  

m i c r o s t r u c t u r e  of t h e  specimens and t h e  ranges of tempera ture  

and the rma l  c o n d u c t i v i t y  encountered,  are t o  be d i scussed  s o  

t h a t  t h e  best possible d a t a  may be forthcoming from t h i s  

program. 

2.2 Phase I1 - Materials Formulations 

2.2.1 Ma t r ix  Materials 

V a r i a t i o n  i n  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of s e v e r a l  r e c e n t  

l o t s  of h igh  p u r i t y  zirconium d iox ide  powders, as mentioned i n  

t h e  p rev ious  Q u a r t e r l y  S t a t u s  Report, have caused s i g n i f i c a n t  

v a r i a t i o n s  i n  t h e  properties of z i r c o n i a  foams and of composites 

i n  which they  form t h e  matr ix .  This  i s  p a r t i c u l a r l y  t r u e  a t  

h igh  tempera tures  on such p r o p e r t i e s  as thermal  shock r e s i s t a n c e  

and s t r e n g t h .  For t h i s  reason an  a l t e r n a t e  sou rce  of h igh  p u r i t y  
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powder w i t h  better apparent l o t - to - lo t  un i formi ty  has been 

eva lua ted .  F i r ed  foams of somewhat h igher  s t r e n g t h  and d e n s i t y  

are obtained when "standard" process ing  procedures are used. 

S l i g h t  process modif icat ion has allowed f a b r i c a t i o n  of r e f r a c t o r y  

foams of t h e  d e s i r e d  dens i ty  wi th  improved high temperature 

properties and r e p r o d u c i b i l i t y .  This  type  of foam, coded Z r  3 6 ,  

has  been fabricated i n t o  conduct iv i ty  specimens f o r  measurement, 

however, r e s u l t s  are not  ye t  complete. 

2.2.2 C o m D o s i t e s  

Z i r con ia  foam spec imens ,  s i m i l a r  t o  type  Z r  3 6 ,  have been 

prepared w i t h  molybdenum d i s i l i c i d e  and tungs ten  m e t a l  add i t ions .  

R e s u l t s  i n d i c a t e  minor modif icat ions i n  process ing  are r equ i r ed  

t o  produce a material  of comparable s t r u c t u r e  and d e n s i t y  t o  

t h e  mat r ix  foam. While composites of t h e  d e s i r e d  s t r u c t u r e  have 

no t  y e t  been developed from t h e  Z r  3 6  materials,  no great d i f f i -  

c u l t y  i s  a n t i c i p a t e d  i n  achieving t h i s  r e s u l t .  

2 .3  Phase I11 - Experimental Measurements 

S e v e r a l  composites based on t h e  Z r  2 8  r a w  materials have 

been machined i n t o  thermal  conduc t iv i ty  specimens and measured 

du r ing  t h i s  q u a r t e r .  I n  add i t ion  t o  t h e  curves shown i n  f i g u r e s  

5 ,  10  and 12  of t h e  a t tached  paper ,  (converted i n t o  metric 

equ iva len t s  f o r  t h e  I n t e r n a t i o n a l  Conference),  a Thermal Con- 

d u c t i v i t y  vs. Temperature curve is  a t t ached  f o r  run  No.  59. 
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This  sample is  a Z r  2 8  type mat r ix ,  impregnated after f i r i n g  

t o  a d e n s i t y  of 0.6 g/cc with molybdenum m e t a l  by t h e  s o l u t i o n  

m e t a l l i z i n g  technique.  The m u l t i p l e  gauge s e c t i o n  measurement 

aga in  i n d i c a t e s  a lower conduct iv i ty  i n  t h e  gauge s e c t i o n  ad jacen t  

t o  t h e  h o t  f a c e  which may be relatable t o  a decrease i n  photon 

conduc t iv i ty .  The curve of f i g u r e  1 2  of t h e  a t t ached  paper i s  

for  a Z r  2 8  type  mat r ix  foamed wi th  a 10 weight pe rcen t  tungs ten  

powder a d d i t i o n  and f i r e d  i n  hydrogen t o  a 0.6 g/cc dens i ty .  

These data, i n  t h e  m e t r i c  system (693.4W/cm-0C = 1 BTU/hr/in/ft / F), 

i n d i c a t e  t h e  s a m e  reduct ion  i n  photon conduc t iv i ty  i n  t h e  h o t  

f a c e  region.  

2 0  

A re -eva lua t ion  of t h e  measurement appara tus  w a s  a l s o  com-  

p l e t e d  dur ing  t h i s  q u a r t e r  as  desc r ibed ,  i n  t h e  attached paper. 

R e s u l t s  i n d i c a t e  t h e  mul t ip l e  gauge s e c t i o n  technique w i l l  be 

u s e f u l  i n  determining t h e  e f f e c t  of t h e  r a d i a t i o n  a t t e n u a t i n g  

phases be ing  examined i n  the  program. 
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3 .  PROGRAM FOR OU- 

F a b r i c a t i o n  of specimens of Z r  36 type z i r c o n i a  foam 

con ta in ing  t h e  va r ious  thermal  r a d i a t i o n  barrier phases  

proposed w i l l  be continued. Specimens of comparable s t r u c t u r e  

and d e n s i t y  t o  t h e  mat r ix  Z r  36 m a t e r i a l  w i l l  be developed 

and produced. 

Thermal  conduc t iv i ty  d a t a  on bo th  mat r ix  Z r  36  specimens 

and s i m i l a r  m a t e r i a l  b u t  conta in ing  the  r a d i a t i o n  b a r r i e r  

phases  w i l l  be obtained.  
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A MULTIPLE GAUGE SECTION TECHNIQUE FOR THE MEASUREMENT 
O F  THERMAL CONDUCTIVIW I N  CERAMIC FOAM COMPOSITES TO 

5000°F 

- K. H. S t y h r ,  Nat iona l  B e r y l l i a  Corp. 

Many of you are f a m i l i a r  w i th  t h e  appa ra tus  I'll be 

speaking about  t h i s  morning and w i t h  t h e  background of t h e  

program f o r  which it was developed. For t h o s e  of you who 

are n o t ,  I ' l l  go over t h e  g e n e r a l  aspects of each b e f o r e  

g e t t i n g  i n t o  r e c e n t  developments, such as t h e  m u l t i p l e  gauge 

s e c t i o n  technique  and some d a t a  on s e v e r a l  ceramic and com- 

pos i t e  m a t e r i a l s  . 
The Na t iona l  B e r y l l i a  Corpora t ion  i s  a high-temperature 

mater ia ls  r e s e a r c h  and manufacturing company, s p e c i a l i z i n g  

i n  t h e  f a b r i c a t i o n  of oxide ceramics  and more r e c e n t l y ,  i n  

c a r b i d e s ,  composites of ceramics,  c a r b i d e s  and metals and i n  

ceramic-metal asserriblies. W e  a r e  no t  s p e c i f i c a l l y  i n  t h e  

b u s i n e s s  of precise thermal  and p h y s i c a l  p r o p e r t y  measurement, 

except  where u t i l i z e d  as a t o o l  i n  t h e  development of new 

concepts  of ceramic materials. One program f a l l i n g  i n t o  t h i s  

l a t t e r  ca t egory  i s  a r e sea rch  e f f o r t  be ing  conducted f o r  t h e  

Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  of t h e  United 

S ta tes  on thermal  i n s u l a t i o n  materials u s e f u l  t o  hot-face 

temperatures  of greater than 3000°F. 

It  i s  w e l l  known t h a t  low d e n s i t y  foamed ceramic thermal  

i n s u l a t i o n  r a p i d l y  l o s e s  e f f i c i e n c y  above 2 4 0 0 O ~  due t o  t h e  

-1- 



t r a n s f e r  of h e a t  through t h e  pores by thermal  r a d i a t i o n .  

The concept  be ing  i n v e s t i g a t e d  is  t h e  r educ t ion  of t h i s  

r a d i a t i o n  o r  photon c o n t r i b u t i o n  t o  t he  t o t a l  o r  apparent  

thermal  conduc t iv i ty  by t h e  i nco rpora t ion  of a thermal  

r a d i a t i o n  barrier phase i n t o  a l o w  d e n s i t y  foamed r e f r a c t o r y  

s t r u c t u r e .  Mechanisms such as abso rp t ion  and r e - r a d i a t i o n  

by embedded p a r t i c l e s ,  s c a t t e r i n g  by incorpora ted  phases 

and r e f l e c t i o n  by m e t a l l i c  f o i l  r a d i a t i o n  b a r r i e r s  are be ing  

cons idered  and evaluated.  

A necessary p a r t  of a m a t e r i a l s  development program 

such as t h i s  i s  an appara tus  capable  of comparing t h e  h e a t  

t r a n s f e r  of one type  of l o w  thermal  conduc t iv i ty  m a t e r i a l  

w i t h  another  i n  t h e  high temperature range of i n t e r e s t .  An 

expensive,  e l a b o r a t e  appara tus  w a s  no t  j u s t i f i e d  on t h i s  

program which r e q u i r e s  only comparative data w i t h  reasonable  

r e p r o d u c i b i l i t y  r a t h e r  than a b s o l u t e  accuracy. Phys ica l  

measurements and c a l c u l a t i o n s  should be simple and s t r a i g h t  

forward so t h a t  comparisons could  be m a d e  by  t e c n i c i a n s  

r a t h e r  t han  p h y s i c i s t s .  

The method selected was a s t eady  state r a d i a l  h e a t  flow 

method employing a g r a p h i t e  h a i r p i n  h e a t e r  i n t e r n a l l y  i n  a 

hollow r i g h t  c i r c u l a r  c y l i n d r i c a l  specimen. The i n t e n t i o n  

i s  t o  d i s s i p a t e  a l l  t h e  heat f r o m  t h e  electric h e a t e r  uni-  

formly w i t h i n  an i n f i n i t e l y  long specimen c y l i n d e r .  This  

-2- 
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h e a t  d i s s i p a t i o n  i d e a l l y  r e s u l t s  i n  a r a d i a l  temperature 

g r a d i e n t  w i t h  no l o n g i t u d i n a l  h e a t  f law so  t h a t  power i n p u t  

may be used a s  

g r a d i e n t  is required for  t h e  c a l c u l a t i o n  of thermal  conduc- 

t i v i t y .  Longi tudina l  hea t  f l a w  does,  of course ,  e x i s t  as 

end l o s s e s  are p resen t .  However, we f e l t  w e  could minimize 

t h e s e  by using a 9 inch high specimen s t a c k  and c a l c u l a t i n g  

c o n d u c t i v i t y  i n  a s m a l l  c e n t r a l  r eg ion  about  one-twentieth 

of t h i s  he ight .  Moreover, t h e s e  losses would. be e s s e n t i a l l y  

cons t an t  from one sample t o  t h e  next  and would t h e r e f o r e  

cance l  i n  comparative da t a .  I f  necessary,  w e  f e l t  we could 

s t a n d a r d i z e  our appa ra tus  by running a known o r  s tandard  

m a t e r i a l  and then  applying a s u i t a b l e  c o r r e c t i o n  f a c t o r  t o  

b r i n g  our measured va lues  t o  w i t h i n  a f e w  pe rcen t  of a t r u e  

va lue  . 

"Q" and only a measurement of t h e  temperature  

I n  i n i t i a l  experiments it was ev iden t  from iso thermal  

color l i n e s  w i t h i n  t h e  specimen t h a t  uniform r a d i a l  h e a t  flow 

c o n d i t i o n s  d i d  e x i s t  i n  the  c e n t r a l  7 t o  8 inch  r eg ion  of t h e  

9 inch high specimen. Also, measurements on specimens of 

dense z i r c o n i a ,  alumina, s p i n e l  and s i m i l a r  m a t e r i a l s  of 

known t h e r m a l  p r o p e r t i e s  agreed s u r p r i s i n g l y  w e l l  w i t h  

measurements from more complex equipment i n  which "Q" w a s  more 

p r e c i s e l y  metered. 



The appara tus  i s  shown i n  f i g u r e  1 t o  g i v e  an  idea of 

p h y s i c a l  s i z e  and i n  f i g u r e  2 i n  c ros s - sec t ion  t o  show 

i n t e r n a l  c o n s t r u c t i o n ,  It is simply a c y l i n d r i c a l  w a t e r -  

cooled s teel  s h e l l  10" 1.D. and 16 inches  high,  

h a i r p i n  h e a t e r  i s  suspended, by n i c k e l  t e rmina l s ,  from t h e  

top cover  through a "Berlon" seal, one of t h e  o r i g i n a l  app l i -  

c a t i o n s  of t h i s  new thermally conducting, e l e c t r i c a l l y  i n s u l a t i n g ,  

vacuum t i g h t  p o t t i n g  compound, The specimen, normally composed 

of t h r e e  or more hollow 2 inch 0,D. c y l i n d e r s ,  f i t s  snugly 

over t h e  3/4 inch  0.D. g r a p h i t e  h a i r p i n  h e a t e r ,  

t h e  c e n t r a l  5 inch  reg ion  of t h e  specimen are v i s i b l e  through 

t h e  t h r e e  c o n c e n t r i c  molybdenum r a d i a t i o n  s h i e l d s ,  and t h e  

s h e l l  w a l l  by means of 5 small molybdenum s i g h t  t ubes  a t  each 

of two fused q u a r t z  windows. It is  by  means of t h e s e  s i g h t  

t ubes ,  a l igned  w i t h  ho le s  d r i l l e d  r a d i a l l y  i n t o  t h e  specimen 

t o  a c c u r a t e l y  known depths ,  t h a t  temperature  g r a d i e n t  may be 

o p t i c a l l y  measured, The specimen stack is  r e a d i l y  removeable 

from t h e  bottom of t h e  appara tus  wi thou t  d i s t u r b i n g  t h e  h e a t e r  

connect ions.  The chamber is  normally evacuated w i t h  a mechan- 

i ca l  roughing pump and back f i l l e d  w i t h  an  i n e r t  gas  t o  pro- 

tect t h e  g r a p h i t e  h e a t e r  f r a n  ox ida t ion ,  

The g r a p h i t e  

P o r t i o n s  of 

O r i g i n a l l y  measurements w e r e  made only i n  one gauge 

s e c t i o n  3/8 inch  long s t a r t i n g  1/8 inch  from t h e  h o t  f a c e  

-4- 



THERMAL CONDUCTIVITY APPARATUS 

F i g u r e  1 



I 
. 

I S I G H T  
TUBES 

c 
I 
I I 
I VACUUM BELL 

FIGURE 2 



and extending outward t o  po in t s  1/2 inch  from t h e  h o t  face .  

A t  least t w o  sets of ho le s  w e r e  measured f r o m  each s i g h t  

window so t h a t  f o u r  temperature  r ead ings  could  be averaged 

f o r  i nc reased  accuracy.  The extreme temperature  g r a d i e n t s  

p o s s i b l e  i n  good thermal  i n s u l a t o r s ,  approaching 2000% 

per inch,  soon fo rced  us t o  d r i l l  one or m o r e  through ho le s  

so t h a t  t h e  h e a t e r  temperature  could be measured. This  

p rocess  y i e l d s  a gauge s e c t i o n  extending from t h e  h e a t e r  

s u r f a c e  t o  a p o i n t  1/8 inch w i t h i n  t h e  specimen. Data such 

as is shown i n  slide 3 resulted due n o t  only t o  t h e  d i f f e r e n t  

gauge l eng ths  b u t  t h e  d i f f e r e n t  emit tance properties of g r a p h i t e  

and ceramic foam and t o  t h e  temperature  drop  between t h e  h e a t e r  

and t h e  inne r  s u r f a c e  of the  specimen. 

The next  s l i d e  is a c loseup showing how we have r e c e n t l y  

changed t h e  s i g h t  h o l e s '  geometry. The uni formi ty  of t h e  

h e a t e r  temperature  i s  monitored from one of t h e  two fused  

q u a r t z  windows through t h r e e  through ho le s  havingaa m a x i m u m  

spread. The temperature  g r a d i e n t  i s  measured from t h e  

opposite window by means of f i v e  molybdenum s i g h t  t ubes ,  

each p o s i t i o n e d  SO t h a t  a s i g h t  ho le  d r i l l e d  i n t o  t h e  specimen 

a t  each of f i v e  d i f f e r e n t  depths may be observed. Due t o  t h e  

porous n a t u r e  of most of t h e  foamed ceramic specimens be ing  

-5- 
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cons idered  i n  t h i s  program, t h i n  (0.020") g r a p h i t e  i n s e r t s  a r e  

p o s i t i o n e d  snugly i n t o  t h e  bottom of t h e  f l a t  b o t t o m  s i g h t  

h o l e s  so t h a t  op t ica l  temperature measurements may be made on 

a g r a p h i t e  s u r f a c e  p a r a l l e l  t o  t h e  isotherm i n  t h e  specimen a t  

a convenient ly  measurable r ad ius .  These g r a p h i t e  i n s e r t s  

m a t e r i a l l y  a f f e c t  t h e  temperature measurement of t h e  bottom of 

t h e  s i g h t  ho le  b u t  e l imina te  t h e  non-uniform temperature g r a d i e n t  

caused by t h e  non-uniform, porous n a t u r e  of t h e  foamed ceramic 

sample. This  procedure a l l o w s  t h e  c a l c u l a t i o n  of four  thermal  

csonductivity va lues  a t  four  d i f f e r e n t  temperatures  a t  each 

s t e a d y  state cond i t ion .  Five s t eady  s ta te  cond i t ions ,  which 

normally c o n s t i t u t e  a 2-day run,  allow t h e  c a l c u l a t i o n  of 20 

overlapping va lues  . 
This  mul t ip l e  gauge s e c t i o n  procedure w a s  app l i ed  t o  a "dense" 

z i r c o n i a  specimen obtained from C o l t  Pears  of t h e  Southern 

Research I n s t i t u t e ,  Birmingham, A l a ,  , U,S,A. Two s i m i l a r  speci- 

mens w e r e  measured a t  S.R.I. on more elaborate equipment s o  t h a t  

t h e s e  measurements c o n s t i t u t e  somewhat of a " s t anda rd iza t ion"  

of t h e  technique. The d a t a  are shown i n  s l i d e  5. Considerable  

scatter is  ev iden t ,  however, no c o r r e c t i o n ,  averaging or o the r  

smoothing techniques  have been app l i ed .  Rather ,  only r a w  data 
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p o i n t s  a r e  shown. High temperature measurements a r e  lack ing  

due t o  a growth of fibers i n  t h e  deep s i g h t  ho les .  These 

w e r e  shown t o  be t h e  magnesium s i l icate  compound Forsteri te 

b o i l e d  ou t  of a newly replaced g r a p h i t e  h e a t e r ,  Unfor tuna te ly ,  

t h e  temperature  of t h e  specimen was increased  t o  t h e  p o i n t  where 

i n t e r n a l  p o r t i o n s  of t h e  z i r c o n i a  specimen w e r e  fused t o  t h e  

g r a p h i t e  h e a t e r .  The next  s l ide shows an o v e r a l l  view of t h e  

z i r c o n i a  specimen and t h r e e  1 inch  z i r c o n i a  guard r i n g s ,  a l l  

on t h e  g r a p h i t e  h a i r p i n  hea te r .  Evidence of t h e  Fosterite 

whisker growth i s  e v i d e n t  a t  t h e  s i g h t  ho le  p o s i t i o n s .  The 

i so the rma l  c o l o r  l i n e s  are e v i d e n t  i n  t h e  f r a c t u r e  of t h e  z i r -  

conia  guard r i n g  a s  i s  t h e  f u s i o n  of t h e  i n t e r i o r  s u r f a c e  and 

a g l a z i n g  of t h e  g r a p h i t e  h a i r p i n  from molten zirconium oxide.  

L i t t l e  evidence of z i r c o n i a  c a r b i d e  formation was found on t h e  

specimen, only on t h e  g r a p h i t e  heater. Considerable  zirconium 

m e t a l  w a s  found on t h e  specimens, however, due t o  reduct ion  of 

t h e  oxide by t h e  g r a p h i t e .  The fo l lowing  s l i d e  is a l o n g i t u d i n a l  

view of t h e  S . R . 1 ,  z i r c o n i a  specimen showing how t h e  g r a p h i t e  

h a i r p i n  h e a t e r  i s  f i r m l y  embedded i n  t h e  sample a f te r  cool ing .  

The next  s l ide  i s  of a h a i r p i n  heater mounted on a brass p l a t e  

i n  t h e  Berlon s e a l  showing how a h e a t e r  looks wi thou t  specimens 

fused  around it. 

The purpose of t h i s  program, of cour se ,  i s  t o  apply t h e  
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which then  f o r m s  a non-continuous c o a t i n g  of molybdenum m e t a l  

particles on a l l  s u r f a c e s  of t h e  z i r c o n i a  foam. Such a 

specimen, a f te r  f i r i n g ,  i s  shown i n  t h e  next  slide. Thermal 

c o n d u c t i v i t y  measurements on specimens prepared i n  one of these 

la t ter  methods i s  shown i n  t h e  l a s t  s l i d e ,  It i s  ev iden t  he re  

t h a t  t h e  conduc t iv i ty  i n  t h e  gauge s e c t i o n s  removed from t h e  

ho t  face i s  no t  affected p a r t i c u l a r l y  by t h e  a d d i t i o n  of t h e  

thermal  r a d i a t i o n  b a r r i e r  phase. It i s  apparent ,  however, t h a t  

i n  t h e  areas immediately ad jacen t  t o  t h e  ho t  f a c e  t h e  thermal  

c o n d u c t i v i t y  va lues  are d e f i n i t e l y  lower, I should p o i n t  ou t  

t h a t  t h e s e  d a t a  are v e r y  pre l iminary  and t h a t  some specimens 

have been measured t h a t  do n o t  show t h i s  type of t he rma l  radia- 

t i o n  a t t e n u a t i o n  i n  t h e  areas a d j a c e n t  t o  t h e  h o t  f a c e  and t h a t  

t h e s e  d a t a  do r e q u i r e  a d d i t i o n a l  v e r i f i c a t i o n .  

I n  conclus ion ,  I would l ike t o  acknowledge t h e  suppor t  of 

t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  under 

Con t rac t  NASw 884 and t h e  c o n t r i b u t i o n s  of D r ,  E,  Ryshkewitch, 

P. S. Hessinger and o t h e r  m e m b e r s  of t h e  Nat iona l  B e r y l l i a  

Corporat ion r e s e a r c h  s taff .  We have developed what we  f e e l  

i s  an  inexpensive,  simple, technique and a n a l y t i c a l  t oo l  f o r  

t h e  measurement of thermal  conduc t iv i ty  of foamed ceramic 

specimens. I f e e l  t h a t  t h e  scatter i n  t h e  data are reasonable  

-9- 
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i n  l i g h t  of t h e  goals of t h e  o v e r a l l  program and t h e  degree 

of e f f o r t  applied t o  t h i s  measurement technique ,  

now t o  s o l i c i t  comments and a c r i t i q u e  of t h e  method and 

appa ra tus  and possible sugges t ions  as t o  haw t h e s e  determina- 

t i o n s  may be improved wi thout  any s i g n i f i c a n t  i n c r e a s e  i n  t h e  

complexi ty  of t h e  cost, 

I would l i ke  
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